ABSTRACT
INTRODUCTION
A spinal cord injury (SCI), often produces extensive and persistent motor, and sensory deficits and vegetative states which causes a lifelong disability with major negative impacts on the patients, their families, as well as the society in general [3] . The current global estimates indicate that the incidence of SCI ranges from; 15 per million in Australia to 40 per million in the North America; and 14.7-40 per million in Europe (20 per million in Slovakia), with a mortality rate of 4.4-6.7 %, depending on the extent and location of the medullary lesions. The average age at injury is 31.7 years old with the greatest frequency between 15 and 25 years old and with the male to female ratio of 3:1 [4, 7, 18] . The surviving individuals from these SCI experiences, often are confined to a wheelchair and suffer considerable morbidity impacting on their quality of life [2, 4, 18] . The health care costs are significant with a single patient in the USA requiring between 1 and 25 million dollars over a lifetime depending on the severity of his/her injury [5] . So far, despite improvements in the medical and surgical management of SCI, there are no effective therapeutic measures able to improve neurological outcomes following spinal cord trauma. Only progress in neuroscience research, based on animal studies supported with gradable and qualifiable outcomes can hope to change this situation. We collectively decided to test and eventually modify the rat SCI compression model with the intention to standardise this model for further utilisation in planned SCI experiments.
MATERIALS AND METHODS
The experimental protocols were elaborated in compli- The basic experimental plan involved 23 adult female Wistar rats weighing 250-320 g. Two of the rats were kept as sham controls. Twenty-one rats were randomly divided into three subgroups of 7 animals each. A 15 minute compressing force of 30, 40 and 50 g (subgroups-1, -2, and -3, respectively) was applied directly on the intact dural sac containing the spinal medulla which had previously been exposed by the laminectomy of the 8th or 9th thoracic vertebra. More specific experimental details follow.
After the induction of general anaesthesia by vapours of isoflurane ("Forane", i.e. 1-chloro-2,2,2-trifluoroethyldifluoro-methylether, Abbott Laboratories Ltd., Queensborough, Great Britain) with O2 in a plexiglass box, all 23 rats were transferred to a heated platform, in order to maintain their rectal temperature between 36.6 and 37.2 °C. The temperature was monitored directly by an inserted rectal thermometer probe. The inhalation anaesthesia (by a mixture of 1.5 % isoflurane with medical oxygen) was delivered by a special mask designated for rodents.
The skin of the dorsal part of the rat's thoracic region was shaved and disinfected by iodine solution ("Betadine", i.e. povidonum iodatum, Egis Pharmaceuticals, Budapest, Hungary), and then the skin, subcutaneous fat and dorsal fascia were incised and an operating microscope Leica M320-F12 (Leica Microsystems CMS, GMbH, Herbrugg, Switzerland) was introduced. With the assistance of an improved illumination and magnification of tiny structures in the operational field provided by the microscope, the paravertebral muscles were separated from the spinous processes as well as the arches of Th8-Th10 vertebrae using microinstruments.
The spinal dural sac containing the spinal medulla was uncovered by laminectomy of either the 8th or 9th thoracic vertebra. In order to enhance the orientation of the operational field, a line connecting both caudal angles of the scapulae, which crossed the spinous process of the Th7 vertebra in a rat was used [10] . With an aim to prevent the constant movements of the spine and spinal cord caused by breathing of the rat, its vertebral column was suspended and fixed to a stereotaxic frame by Kocher clamps attached to the spinous processes of the 7th and 10th vertebrae, or by sutures pulled through the interspinous ligaments. 
RESULTS

Recovery of rats
The two control rats survived their laminectomies and the 21 experimental rats survived their laminectomies and the compression of the spinal cord trauma. Both the controls and the experimental groups survived the 28-days observation period. Urinary retention developed in only 2 rats from subgroup-2 with medullary lesions caused by the 40 g compression force but in 6 from the subgroup-3 (50 g compression). The retention lasted for 2-5 days, when their urinary bladder had to be emptied by Credé's manoeuvre (manual bladder expression) every 12 hours. Later on, the ability to void spontaneously returned, even in the severely paraparetic or paraplegic rats. The surgical wounds were completely healed in all 23 rats on the 7th day following the surgery.
Behavioural outcomes
In both of the rats from the control group, their BBB score was 21 points (i. e. they did not exhibit any neurological deficits) 6 hours after the surgery.
The SCI rats from subgroup-1 (30 g compression) were paraplegic or severely paraparetic (BBB scores ranged from 0 to 2 points with an average value of 1.6 points) after the surgery. All of the rats from subgroup-2 (40 g compression) were paraplegic (BBB score 0) after the surgery. Five rats from subgroup-3 (50 g compression) were paraplegic (BBB Seven days after the SCI, the BBB score in 5 rats from subgroup-1 was 6-7 points (an average value of 6.6 points), in subgroup-2, it was 1-5 points (average of 3.4 points) and in subgroup-3 it was 1-3 points (average of 2.2 points).
The statistical analyses showed a highly significant difference in the improvement of motor functions (expressed by BBB score) in rats belonging to the subgroup-1 versus rats belonging to the subgroup-3 (P = 0.0001) and a significant difference between rats belonging to the subgroup-1 and rats belonging to the subgroup-2 (P = 0.002). There was no significant difference between rats belonging to the subgroup-2 and rats from the subgroup-3 (P = 0.2502).
Fourteen days after the SCI, the BBB score in 5 rats from subgroup-1 was 7-8 points (an average value of 7.6 points), in subgroup-2, it was 2-7 points (an average value of 5.2 points) and in subgroup-3, it was 2-3 points (average of 2.6 points). The statistical analyses of the results showed a highly significant difference in the improvement of motor functions (BBB score) between rats belonging to the subgroup-1 versus rats belonging to the subgroup-3 (P = 0.0001), a significant difference between rats belonging to the subgroup-2, versus rats belonging to the subgroup-3 (P = 0.017), and in rats belonging to the subgroup 1, versus rats belonging to the subgroup-2 (P = 0.027).
Twenty one days after the SCI, the BBB score in 5 rats from the 30 g compression (subgroup-1) was 8-9 points (an average value of 8.4 points), in the 40 g subgroup-2, it was 3-7 points (an average value of 5.8 points) and in 50 g subgroup-3, it was 2-4 points (average 3.0 points). The statistical analyses of the results showed a highly significant difference in the improvement of the motor functions between rats belonging to the subgroup-1, versus rats belonging to the subgroup-3 (P = 0.0001), a significant difference between rats belonging to the subgroup-2, versus rats belonging to the subgroup-3 (P = 0.0062) and a significant difference between rats belonging to the subgroup-1 versus rats belonging to the subgroup-2 (P = 0.01).
Twenty eight days after the SCI, the BBB score in 5
rats from the subgroup-1 was 8-10 points (an average value 9.0 points), in subgroup-2, it was 3-8 points (an average value 6.2 points), and in subgroup-3 it was 3-5 points (average 3.8 points). The statistical analyses showed a highly significant difference between rats belonging to the subgroup-1, versus rats belonging to the subgroup-3 (P = 0.0002), a significant difference between rats belonging to the subgroup-2, versus rats belonging to the subgroup-3 (P = 0.02), and a significant difference between rats belonging to the subgroup-1, versus rats belonging to the subgroup-2 (P = 0.003).
The behavioural outcomes expressed as the BBB scores are presented in Graph 1. The significant intergroup differences were found at all survival times longer than 7 days post SCI. 
DISCUSSION
More than a decade ago, spinal cord traumatic lesions meant for patients, the confinement to a wheelchair and different medical complications for the rest of their lives [3] , [5] , [18] . The treatment armamentarium was limited and the provision of care for individuals with SCI was, in a majority of cases, met with frustration [3] , [5] , [18] . Progress in neuroscience research has made the idea, that SCI will eventually be repairable, plausible [12] , [13] . The use of animal models is critical for devising experimental therapies aimed to restore functions lost due to SCI [14] . Animals such as rabbits, cats, dogs, swine (especially minipigs), non-human primates, as well as rats and mice, are used in different experimental models [8] , [9] , [14] [15] [16] [17] , [19] , [20] . Due to their cost, accessibility, ease of care and the existence of well-established functional analysis techniques, rat experimental models are the most commonly used at present [2] , [6] , [15] , [19] . At the Institute of Neurobiology, Slovak Academy of Sciences, where we performed our study, they have been The transection models provide valuable information when axon regeneration is studied or implantation of specific devices are tested. The disadvantage of this SCI model is that transection of the spinal medulla is rarely seen in human patients [3] , [7] , [18] .
The SCI in the contusion model, is induced by hitting the spinal medulla through the exposed dura mater with a blunt contusion force, with a weight dropped from a defined height or with a spinal cord injury computer operated apparatus [20] . These devices allow the measurement of biomechanical parameters such as; impulse, velocity, power and energy. The contusion type of injury better mimics the lesions seen in humans than the transection models [11, 20] . However, it is more difficult to distinguish the spared and regenerated tissues in this model [6] .
The SCI in the compression models are induced by compressing the spinal medulla with an aneurysm clip, forceps, balloon or an impactor acting through the intact dura mater. By the help of this model, it is possible to create different degrees of SCI by adjustment of the compression strength and time [19] . The compression model also mimics the neuropathology observed in humans [11] . The key element of any SCI study is the ability to acquire reliable, reproducible and worthwhile behavioural data [9] , [15] , [19] . The most commonly used test to assess motor functions after a SCI is the 21 point BBB locomotor scale [2] . Each point in the BBB score represents a specific 
